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Aim of this work

Å Aim of thepaperis to showhow thespatialobjectsandthe informationconcerningthestructureof theroads,

that can be collectedfrom opendatasources,togetherwith the crashhistory can be usedto map the risk

relatedto eachroad.

Å To achieveour aim, we needto adaptthe currentmethodologyaboutgeospatialmodelling to the constraints

derived from the mapsof the roadsof a particular areaand to exploit supervised/unsupervisedstatistical

learningalgorithmsto estimatethelocal risk of frequency(andseverity).

Å We follow a combinedapproach:

Å A statisticalmodelwill bedevelopedin orderto assesstherisk on thebasisof a setof featuresrelatedto

thecharacteristicsof thestreets.

Å From the spatial object we build a weighted network, where vertices and edges correspondto

geographicalelementsasjunctionsandroadsandwherethe assessedrisk of eachsegmentis usedasa

weight.

Å Theresearchcanbeclassifiedwithin thebig dataparadigmnot only becausethedatausedwill bereallyñbigò

but, mostof all, becauseit needsto mergeandexploit informationcomingfrom differentand,in somecases,

unstructuredsources.



Aim of this work

Most of thepaperspublishedin the literaturelook for anñexpostòspatialmodellingof crashrisk:

startingfrom the companydatabaseand the knowledgeof accidentsôlocation,they estimatethe

spatialdependenceof therisk (see,e.g., Assunçãoetal. 2014).

We want to contribute to the literature proposinga different approachto measurethe risk of

collision. By extensivelyusing georeferencedapplicationsand information regardingthe traffic

and road characteristics(length, number of crosses,highways, etc.) that can be obtainedby

standardaccessibleweb applications,it is possibleto makefurther inferenceon the collision risk

of whereadriverusuallydriveshis/hercarwith limited costs.

Å In particularwe focusonñwherethepolicyholderdrivesò

We do not considerhere(actuallya researchin progress)other featuresthat canbe detected

by telematicdata:

- Driving behaviour(see,e.g., Wuthrich,Buser, 2019)

- Dataaboutdriving habits(e.g. KM, daytime,weatherconditions,etc.)



The data

We make use of somespecific dataand we will focus in the applicationon Milan area(city and

province)

1. Road Network and its characteristics: datacanbedownloadedfreely from theweb to createthestreet

network. For each segmentof the network many information are freely available, that can be used as

covariatesto explainspatialpointobjects(e.g. locationof accidents)

2. Location of risk accidents: Usingopensourcedatasetsprovidedby theItalian nationaloffice of statistics

(ISTAT), which recordsinformationon the locationof all caraccidentsthat resultedin fatalitiesor injuriesof

at leastoneperson,we hadthe possibility to projectcrasheson the roadnetworkof Italy. The datasetcanbe

augmentedusing local socio-demographicfeatures (e.g. population density, concentrationof families,

housingsetc.).

3. Knowledgeof the trajectory coveredby the drivers: this is themostcritical information. At present

we havethe availability of datasavedthroughthousandsof black boxes(but detailedresultswill be masked

becauseof dataconfidentiality)



For each OSM segment save /compute

- Type of road ( highway )

- Features ( if available ) e.g. surface , maxspeed , lité

- Number of junctions (computed exogenously : proxy very close to reality)

- Number of traffic lights

- Number of pedestrian crossings

The data (road characteristics ðan example )

id_link

highway 

(type)

highway 

(length) URBAN # junctions

# pedestrian 

crossings

# traffic 

lights

# car 

crashes

1 Tertiary 119 Y 5 0 0 0

2 Secondary 309 Y 5 2 0 0

3 Primary 11.3 N 4 0 3 0

4 Primary 11.3 Y 5 1 0 2

5 Primary 150 Y 7 2 1 0

6 Secondary 35.4 N 6 0 0 1

7 Secondary 67.9 Y 6 0 3 0

8 Tertiary 97.7 Y 6 1 0 3

9 Motorway 157 N 4 0 0 0

10 Other 150 N 6 0 1 1



Some details

A bit of bias in the data is somehow unavoidable in this type of research:

1. The number of road crossings are not directly available in the OSM 

database.
For each road, we computed it as the number of segments that have in common

one coordinate with that road. This method represents an approximation of the true

crossings (consider, for instance, two roads at different level one above the other

through a bridge) but it returns in general an estimate quite close to reality.

2. Coordinates of accidents are not always strictly in line with a segment.

Approximations are due to proxies implicit into the reverse geocoding

algorithms or to errors in the registration of accident locations. We project

(orthogonally) that coordinates onto the closest segment

3. Restricted to some regions, many features in OSM database are not 

available and thus not useful for model identification. 



An example of roads and 

accidents

Ô We focus on Milan area and 

we display the road-map and 

the accident locations (in red)

Ô On the bottom, a zoom on a 

central area of Milan



1. To estimate the risk of accident at segment level a global model cannot be fitted.  At least a 
mild but not zero correlation must be locally considered.

2. To include that we have split the domain into subregions. We report the results obtained 
considering sub-areas based on ZIP codes (other tessellation criteria are under evaluation)

3. We follow the following steps for each area:
Ô Select the data (claims and road characteristics) of a specific subregion for a specific year.
Ô Enlarge the area including a buffer on the borders
Ô To consider spatial dependence, for each segment and for each covariate, add new covariates based 

on the combination of the characteristics observed for that covariates in the surrounding area and 
weighted on the inverse of the distance (see next slides for details). Only segments within a selected 
buffer are considered.

Ô Fit a glmnet model considering alternatively Poisson and Negative Binomial distributions and vehicle 
miles travelled (VMT) measure as offset.

Ô Estimate a risk measure for each segment
Ô Smooth locally the results to reduce anomalous peaks if present.

4. It is noteworthy that:
Ô on each area a different model is customized.
Ô Other criteria for tessellations are, at moment, under evaluation (e.g. administrative boundaries, Voronoi tessellation) 

and the best criterion will be further identified.

The Model



Ô To compute distances, we convert the street network in a graph, i.e., a mathematical
representationconsisting of nodes connected by edges (or arcs in the directed case) loaded with 
weights (or labels), that can be directed or undirected.

Ô In particular, weŦƻŎǳǎ ƻƴ ŀ άƧǳƴŎǘƛƻƴ ƎǊŀǇƘέ (see, e.g., Marshall et al., 2018), where each segment 
is an arc and nodes are given by junctions (or by termination of closed streets). 

Ô Formally, given the street network, we build a graph Ὃ ὠȠὉ where ὠand Ὁare respectively 
the set of ὲvertices and άarcs. Two nodes are adjacent if there is an arc ὭȟὮ‭Ὁ(i.e.a road 
segment) connecting them

Ô If a weight ύȟ πis associated with an arc ὭȟὮ, a weighted graph Ὃ ὠȠὉȠὡ is obtained, 

being Wthe set of weights. 

In general, both adjacency relationships between vertices of Ὃand weights on the arcs are described 
by a nonnegative, real ὲ-square matrix ╦. In the unweighted case, this matrix becomesthe classical 
binary adjacency matrix ═, of entries ὥȟ, where ὥȟ ρif ὭȠὮ‭Ὁand 0 otherwise.

Network -based distances



Ô In particular, we considerat moment a 

directedand weighted networkὋ
ὠȠὉȠὡ equal to Ὃ, whereeach

arc is weightedwith thelengthof the 

segment.

Ô Distancesbetweentwo roads have

beencomputedby addingcentroid

to eachsegmentand by computing 

the directedweightedshortestpath

betweentwo centroids.

Ô The shortest path problem is the 

problem of finding a path

between two nodes in a graph

such that the sum of the weights

of its constituent edges is 

minimized.

Network -based distances

https://en.wikipedia.org/wiki/Path_(graph_theory)
https://en.wikipedia.org/wiki/Graph_(discrete_mathematics)
https://en.wikipedia.org/wiki/Glossary_of_graph_theory_terms#weighted_graph

